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354Objectives: Preference for arterial inflow during surgery for type A acute aortic dissection remains controver-
sial. Antegrade central perfusion prevents malperfusion and retrograde embolism, and the ascending aorta pro-
vides arterial access for rapid establishment of systemic perfusion, especially if there is hemodynamic
instability. It has not been used routinely, however, because of the disruption caused to the aorta. We evaluated
the safety and efficacy of routine cannulation of the dissected aorta for the repair of type A dissection.
Methods: Surgical results were analyzed for 83 consecutive patients with type A acute aortic dissection between
2002 and 2009. They were treated surgically by prosthetic graft replacement under hypothermic circulatory
arrest. The ascending aorta was routinely cannulated using the Seldinger technique with epiaortic echocardio-
graphic guidance; antegrade systemic perfusion was evaluated by color Doppler ultrasound.
Results: Systemic antegrade perfusion via the dissected ascending aorta was performed safely in all cases. There
was no malperfusion or thromboembolism as a result of ascending aortic cannulation. Epiaortic 2-dimensional
and color Doppler imaging provided real-time monitoring adequate for the placement and for proper systemic
perfusion. There were 5 in-hospital deaths (5/83 ¼ 6.0%) and 8 strokes (preoperative 6/83 ¼ 7.2%, postoper-
ative 2/83 ¼ 2.4%). A total of 78 patients (78/83 ¼ 94%) were discharged and have been followed up without
major adverse cardiac events for a mean duration of 31.8 months.
Conclusions:Ascending aortic cannulation is a simple and safe technique that provides a rapid and reliable route
of antegrade central systemic perfusion in type A aortic dissection. (J Thorac Cardiovasc Surg 2011;141:354-60)Preference for arterial inflow during surgery for type A
acute aortic dissection remains controversial inasmuch as
surgical mortality and morbidity is influenced by perfusion
technique and the cannulation site for cardiopulmonary by-
pass.1 Ascending aortic cannulation in type A acute aortic
dissection has been used mainly as a backup arterial inflow
after the failure of primary peripheral cannulation at-
tempts.2 This method of cannulation for aortic dissection
has recently been revived, and occasional successful reports
indicate that a dissected ascending aorta in fact remains an
option for primary arterial inflow in type A aortic dissec-
tion.3-5 This is because antegrade central perfusion may
have a potential to prevent malperfusion and retrograde
cerebral embolism.6 It is also effective for rapid establish-e Department of Cardiovascular Surgery,a Hiratsuka, City Hospital, Kana-
; the Department of Cardiovascular Surgery,b Saiseikai Utsunomiya Hospital,
gi; the Department of Cardiovascular Surgery,c Tokai University, Kanagawa;
he Department of Surgery,d Keio University School of Medicine, Tokyo,
.
res: Authors have nothing to disclose with regard to commercial support.
the 36th Annual Meeting of The Western Thoracic Surgical Association,
California, June 23–26, 2010.
d for publication June 16, 2010; revisions received Oct 31, 2010; accepted for
ation Nov 4, 2010.
for reprints: Yoshito Inoue, MD, Department of Cardiovascular Surgery,
uka City Hospital, 1-19-1 Minamihara, Hiratsuka, Kanagawa 254-0065,
(E-mail: yoshito_inoue@sky.plala.or.jp).
23/$36.00
ht  2011 by The American Association for Thoracic Surgery
016/j.jtcvs.2010.11.010
The Journal of Thoracic and Cardiovascular Surgment of systemic perfusion, especially if there is hemody-
namic instability.5
Regarding ascending aortic cannulation, there are several
concerns: disruption of the cannulation site, risk of throm-
boembolism and extension of dissection, and doubt over
the establishment of adequate antegrade systemic perfu-
sion. It is also not yet clear whether antegrade perfusion
through the ascending aorta would contribute to distal organ
perfusion.7 If these issues were resolved, ascending aortic
cannulation would be accepted as a reliable route of arterial
access in type A aortic dissection. We therefore determined
the efficacy and safety of a routine cannulation of the
dissected aorta for the repair of type A aortic dissection,
performed using the Seldinger technique and epiaortic
2-dimensional and color Doppler ultrasound.PATIENTS AND METHODS
Surgical results were analyzed for 83 consecutive patients with Stanford
type A acute aortic dissection between February 2002 and August 2009.
The ascending aorta was routinely cannulated by the Seldinger technique
with epiaortic echocardiographic guidance. Preoperative patient profiles
are summarized in Table 1. They were treated surgically by prosthetic graft
replacement of the ascending aorta/hemiarch or total arch. Surgical treat-
ment was performed within a mean of 2.3 days of dissection; 57 patients
(57/83 ¼ 68.7%) were operated on within 24 hours of dissection. The
institutional ethics committees approved this study and waived the need
for patient consent. Preoperatively, there were 14 preoperative symptoms
related to malperfusion of arch vessels, 4 instances of myocardial ischemia,
and 5 of limb ischemia.ery c February 2011
TABLE 1. Preoperative patient profiles
No. of patients 83
Age (y), median  SD 62.2  10.2
Male/female 44/39
Ascending aorta diameter (mm) 51.5  6.9
Aortic regurgitation (no.) 30
Cardiac tamponade (no.) 22
Rupture (no.) 5
Shock (no.) 11
Malperfusion (no.) 21
SD, Standard deviation.
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DSurgery was performed through a median sternotomy. The arterial in-
flow to the cardiopumonary bypass circuit was bifurcated in advance,
one branch for the ascending aorta and the other for the femoral artery.
Median sternotomy, to access the ascending aorta and prepare the femoral
artery, was performed simultaneously by 2 surgeons to save time. Cardio-
pulmonary bypass was performed at a flow rate of 2.1 L $min1 $m2. The
left ventricle was vented through the right superior pulmonary vein. Carbon
dioxide was continuously infused into the surgical field at the flow rate of
2 L/min. Hypothermic circulatory arrest was established below 16C at
the blood temperature of the venous drainage cannula. Distal repair was
performed first with open distal anastomosis, using a woven Dacron one-
branch graft (Boston Scientific Corp. Natick, Mass) with felt strip rein-
forcement. In cases that required total arch reconstruction, arch branches
were reconstructed first so as to minimize the duration of circulatory arrest.
On completion of distal repair, retrograde brain perfusion and retrograde
femoral perfusion were performed to flush out air and atheromatous debris
within arch vessels and the descending aorta. Antegrade systemic perfusion
and rewarming were restarted through the side branch of the graft. Blood
cardioplegic solution was selectively administered into the coronary ostia,
and proximal repair was subsequently performed. The native aorta was not
clamped during the operation, although the prosthetic graft was, to prevent
clamp-induced malperfusion. Aortic valve resuspension was performed in
36 cases, composite graft replacement in 2 cases, and concomitant coro-
nary artery bypass grafting in 3 cases. Gelatin–resorcin–formalin biologi-
cal glue (Caridal SA, Saint-Etienne, France) was used for proximal repair
in 40 cases.
Ascending aortic cannulation for acute type A aortic dissection was per-
formed according to the following protocol. To decompress the cannulation
site and secure safe cannulation through dissected fragile adventitia, we
loweredmean arterial pressure before cannulation by the initiation of a fem-
oral artery and right atrial circuit. Dual-dynamic display mode epiaortic
ultrasonography was then used, with 2-dimensional cross-sectional and
color flow imaging (Prosound SSD-3500 and Linear Array Probe; UST-
5534T-7.5: Aloka Co Ltd, Tokyo, Japan, or iE33: Philips Medical Systems,
Bothell, Wash) to guide a puncture through a single pledget-supported 4–0
polypropylene mattress suture placed where subsequent reconstruction is
not required. The true and false channels were detected by epiaortic echo-
cardiography in combination with the anatomic information from preoper-
ative computed tomography. The true lumen was identified by systolic
expansion and diastolic collapse, as well as by the presence of antegrade
systolic flow in cases of perfused false lumen. In cases of thrombosed false
lumen with absence of flow, the true lumen was identified simply by the
presence of the color flow signal. After the arterial entry catheter was
placed within the true channel, a guidewire was advanced into the true
lumen, and the aortic cannulation site was dilated in a stepwise fashion
by 3-staged spindle-shape tapered dilators. The heparin-coated flexible
thin-walled cannula (Flexmate cannulas: Toyobo, Ltd, Osaka, Japan, or
Fem-Flex II arterial cannulas: Edwards Life Sciences Research Medical,
Midvale, Utah) was then inserted over the guidewire. The apical location
and antegrade systemic perfusion from the ascending aortic cannula were
confirmed by epiaortic echocardiography with synchronized B-mode and
color flow imaging (Figure 1).
Cannulation sites and the techniques of puncture were modified as nec-
essary to take account of preoperative computed tomography and epiaortic
echocardiographic observation of the false lumen and the type and range of
disruption. A mattress suture was placed at the left lateral side of the as-
cending aorta, sometimes near the posterior lesser curve of the proximal
arch, where the true lumen could be reached directly or within the shortest
distance (Figure 2, A and B). In cases of thrombosed false lumen, the aorta
was punctured at nearly 90 to the short axis, and the cannula was inserted
deeply enough to be located with certainty within the true lumen (Figure 2,
C). Conversely, in cases of perfused false lumen with dynamic true channel
collapse and presence of dissection at the left lateral side of ascending
aorta, puncture was made at a shallow angle to the direction of longitudinalThe Journal of Thoracic and Caaxis toward aortic arch to be sure of reaching the center of the narrowed true
lumen (Figure 2, D).RESULTS
The cannulation to the ascending aorta and systemic an-
tegrade perfusion via the dissected aorta were successfully
performed in all cases; in no case was revision of the aortic
cannulation necessary. Neither malperfusion nor thrombo-
embolism occurred as a result of ascending aortic cannula-
tion. With decompression of the aortic pressure in advance
(mean arterial pressure 51.4  12.3 mm Hg), the adventitia
of the dissected aorta readily supported the aortic cannu-
laion. Any local hemorrhage in the Seldinger technique
was easily controlled by a fingertip. Tourniquet compres-
sion with a pledget-supported mattress suture totally
restrained bleeding after cannulation.
There were 5 in-hospital deaths (5/83 ¼ 6.0%).
The causes of death were low output syndrome owing to
preoperative acute myocardial infarction (n ¼ 2), graft
infection (n ¼ 1), sepsis (n ¼ 1), and duodenal bleeding
(n ¼ 1). There were 8 strokes, including 6 preoperative
strokes (6/83 ¼ 7.2%) and 2 postoperative strokes (2/
83 ¼ 2.4%). Among 6 patients with preoperative strokes,
4 patients had a complicated permanent neurologic deficit
and 2 patients showed recovery from the symptom by the
time of discharge. Of these 2 patients with postoperative
neurologic dysfunction, 1 patient had a temporary neuro-
logic disorder and the other had hypoxic–ischemic enceph-
alopathy, having once recovered without neurologic
dysfunction, owing to acute pulmonary embolism on the
eighth day after the operation. A total of 31 patients (31/
83 ¼ 37.3%) required ventilatory support for more than 4
days, including 5 patients with pneumonia. Eight patients
had acute renal failure, of whom 7 required temporary
hemodialysis. A total of 78 patients (78/83 ¼ 94.0%)
were discharged and have been monitored with periodic
chest computed tomography without major adverse cardiac
events for a mean of 31.8 months. Postoperative examina-
tion by computed tomography did not find any subsequent
extension of the false lumen owing to ascending aortic
cannulation.rdiovascular Surgery c Volume 141, Number 2 355
FIGURE 1. Dual display of color flow imaging; long axis (A) and short axis (B) of inflow cannula located in true lumen of the ascending aorta (arrow) and
color Doppler image of antegrade systemic perfusion. T, True lumen; F, false lumen.
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46 minutes after skin incision; the time from skin incision
to initiation of cardiopulmonary bypass was 23.7  6.7
minutes, and hypothermic circulatory arrest was established
22.5  5.4 minutes after initiation of cardiopulmonary
bypass. The duration of cardiopulmonary bypass was
134.8 50.1 minutes, the duration of deep hypothermic cir-
culatory arrest was 25.5  5.1 minutes, and that of the op-
eration was 280.2  91.9 minutes. The mean esophageal
temperature at hypothermic arrest was 14.3C  0.31C.
Throughout this procedure, epiaortic ultrasonographic
color flow imagery confirmed antegrade perfusion to the
aortic arch branches. Ascending aortic perfusion was estab-
lished within 4.9  2.6 minutes after the femoral cannula-
tion. During this interval, only the antegrade pulsatile
arterial blood flow from the beating heart was observed at
the transverse arch by epiaortic color Doppler imaging. Af-
ter ascending aortic cannulation, only antegrade flow was
observed. In recent cases, femoral inflow was clamped after
ascending aortic cannulation to establish single antegrade
perfusion.
The left lateral to posterior lesser curve of the ascending
aorta and arch was less frequently dissected, and even if dis-
sected, the gap between the intima and adventitia was small
(Figure 2, A and B). The shape of the dissection of the as-
cending aorta was semicircular (Figure 2, B) in 68 cases
(68/83 ¼ 81.9%) and circular (Figure 2, A) in 15 cases
(15/83 ¼ 18.1%). Dissection of the left lateral lesser curve
of the ascending aorta adjacent to the pulmonary artery was
observed in only 19 (22.9%) of the 83 cases studied. There
were 38 cases of thrombosed false lumen (38/83 ¼ 45.8%)
and 45 cases of perfused false lumen (45/83¼ 54.2%). The
intimal tear was observed within the ascending aorta or arch
in 69 cases (69/83 ¼ 83.1%).
Surgical inspection of the ascending aorta during circula-
tory arrest was undertaken in all cases. In the patients with356 The Journal of Thoracic and Cardiovascular Surgthrombosed false lumen, there was no false lumen cannula-
tion and no dislodgment of the thrombus was observed in-
side the false lumen. Furthermore, no cerebral or other
thromboembolism was observed in this group. In patients
with perfused false lumen, there was inadvertent false lu-
men cannulation in 6 of the first 42 patients. Patients with
false lumen cannulation had a DeBakey type I (n ¼ 5) or
type II (n¼ 1) dissection with a patent false lumen, in which
the intimal tear was located within the ascending aorta ad-
jacent to the inflow cannula. In these cases, the true luminal
antegrade flow was observed via a large intimal fenestra-
tion. One case of false lumen cannulation was complicated
with brain infarction, but this neurologic injury began be-
fore surgery, and its symptom did not change after surgery.
There was no neurologic disorder in the other 5 patients. In
these 6 patients, there were no cases of malperfusion or sub-
sequent extension of the false lumen. After modification of
the puncture technique with proficiency gained in routine
dual-dynamic mode epiaortic echocardiographic guidance,
no false lumen cannulation occurred in the last 41 patients.
Dual-display mode epiaortic 2-dimensional and color
Doppler imaging provided synchronized real-time monitor-
ing, adequate for the placement and proper perfusion of as-
cending aorta cannulation, as well as the location of the
intimal tear and perfusion to the arch vessels. Malperfusion
evoked by valvelike motion of the intimal flap was observed
(Figure 3, A and B). Ascending aortic cannulation was also
guided by real-time epiaortic 3-dimensional imaging,
which provided dynamic spatial anatomic landmarks of
the dissected aorta (Figure 4).
It was also possible to monitor the transition in flow dy-
namics and intimal flap motion. In cases of thrombosed
false lumen, the dimension of the true channel remains con-
stant regardless of the cardiac cycle during systemic cool-
ing, inasmuch as the adventitia and intima are bonded by
a tenacious thrombus layer. In cases of perfused falseery c February 2011
FIGURE 2. Computed tomographic scheme of dissection. A, Circular dis-
section: circumferential abnormal gap between intima and adventitia. B,
Semicircular dissection: presence of intact portion without dissection,
mostly at left lateral lesser curve, C,Aortawas punctured nearly toward short
axis in cases of thrombosed false lumen deeply to reach inside the true lu-
men. D, Puncture was performed at a shallow angle in the direction of lon-
gitudinal axis toward aortic arch to reach the narrowed true lumen in cases of
perfused false lumen. T, True lumen; F, false lumen. P, pulmonary artery.
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completely during cooling. During the period of pulsatile
flow, intense motion of the intimal flap was observed with
systolic expansion, and dynamic collapse of the true lumen
was evoked by retrograde flow of the false lumen (Figure 5,
A and B). After pulsatile flow ceased, the dynamic motion
converted gradually to a cessation of diastolic collapse
and static intimal flap motion owing to pressure equilibrium
across the entry tear. The diameter of the true and false
lumina remained constant under nonpulsatile antegrade
perfusion during cooling.
DISCUSSION
Ascending aortic cannulation with the Seldinger tech-
nique, in combination with epiaortic 2-dimensional and
color Doppler echocardiographic guidance, facilitated sys-
temic antegrade perfusion in a safe and reproducible man-
ner. Our results show that ascending aortic cannulation is
more than merely a backup arterial inflow in the cases of
failure to establish a primary peripheral cannulation in
type A acute aortic dissection.
The ascending aorta offers several advantages as an
alternative access for cannulation. It is suitable for rapid es-
tablishment of cardiopulmonary bypass in cases of hemody-
namic instability, because it is easy to access,8 and it is also
useful in cases of dissected axillary artery or diseased iliac
or femoral artery. There is no limitation on the diameter of
inflow cannula, so that a large-diameter cannula can be
used if the patient’s body weight requires it. Also, ascending
aortic cannulation does not require subsequent repair of the
cannulation site.
In particular, ascending aortic cannulation provides natu-
ral antegrade systemic perfusion9 and may be able to mini-
mize the incidence of malperfusion syndromes during
cardiopulmonary bypass for the repair of aortic dissections.
Epiaortic 2-dimensional and color Doppler mapping re-
vealed conversion of the intimal deflection and the transition
in flow distribution during systemic cooling. Antegrade sys-
temic perfusion effectively arrested intimal flap motion by
prompt cooling and subsequently prevented collapse of the
true lumen. Inasmuch asmalperfusion is a result of distention
of the false lumen arising from pressure difference between
the 2 lumina,2 decompression of the false lumen and pressure
equilibrium across the intimal fenestration may permit ade-
quate antegrade systemic perfusion through the true (or
mixed true and false) lumen.10 This observation suggests
that rapid cooling and quick conversion of intimal flap mo-
tion by central cannulation may indeed be contributing to
bailout from underlying organ malperfusion.11 In restoring
neutral intimal flap deviation and pressure equilibrium be-
tween 2 channels, aortic clamps should be avoided.12
There is a possible concern over malperfusion in cases of
false lumen cannulation.13 False lumen perfusion occurs re-
gardless of the location of arterial inflow,14 making it impor-The Journal of Thoracic and Catant to monitor the actual flow distribution inside the aorta.
The color Doppler ultrasonographic observation during car-
diopulmonary bypass demonstrated adequate true lumen or
mixed true and false lumen perfusion. This might indicate
that, in cases of perfused false lumen, antegrade nonpulsatile
flow through false lumen inflow under hypothermia might
not always cause malperfusion so long as a large intimal
fenestration is located adjacent to the inflow cannula in the
ascending aorta.15,16 The large intimal fenestrations may
communicate flow between the false and true lumina and
may therefore have prevented malperfusion. This kind of
observation has been documented in several articles with
acceptable results in cases in which mixed antegrade true
and false lumen perfusion from the ascending aorta hasrdiovascular Surgery c Volume 141, Number 2 357
FIGURE 3. Dual display of epiaortic 2-dimensional (left panel) and color flow imaging (right panel) provided dynamic collapse and systolic expansion of
the true lumen, evoked by valvelike motion of intimal flap of ascending aorta in a case of malperfusion (right, cranial side.) A, Primary entry tear closes
during systole and antegrade true lumen flow (black arrow) is recognized. B, During diastole, primary tear opens (white arrow) and retrograde flow (black
arrow) from both lumina runs toward the false lumen of the aortic root. T, True lumen; F, false lumen.
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resulting in the restoration of adequate systemic perfusion.
However, the safety of central cannulation should be
represented by the establishment of true channel antegrade
perfusion. Modification of puncture technique with
proficiency gained in routine dual-dynamic mode epiaortic
echocardiographic guidance could eliminate false channel
cannulation.
Cannulation to the true lumen was simple in cases of
thrombosed false lumen, inasmuch as the adventitia and in-
tima are bonded by a tenacious thrombus layer for which the
color flow signal is absent; also, the dimension of the true
channel remains constant regardless of the cardiac cycle.
True lumen cannulation involved a learning curve, however,
in cases of perfused false lumen with intense flap motion or
collapsed narrow true lumen. To cannulate the true lumen358 The Journal of Thoracic and Cardiovascular Surgreliably in these cases of circumferential dissection, one
must be proficient in Seldinger cannulation using epiaortic
2-dimensional and color Doppler mapping; fortunately, this
is simple. It is also helpful not to perform cannulation until
bradycardia during cooling, or to induce bradycardia phar-
macologically, to facilitate recognition of the true channel.
Besides femoral cannulation, there may be other means
of obtaining decompression of the aorta, such as pharmaco-
logic means as well as hypovolemic decompression by ve-
nous drainage from the right atrium. Theymay be easier and
could be one of the options for some cases. However, it
might be risky to induce intentional hypotension before car-
diopulmonary bypass in some cases, such as the cases in
which there is underlying preoperative neurologic defi-
ciency or coronary malperfusion, which could be acutely
worsened by hypoperfusion. It would be safer to establishery c February 2011
FIGURE 4. Three-dimensional image of systolic expansion (A) and dyastolic collapse (B) of the true lumen of the ascending aorta in perfused false lumen
during the period of pulsatile flow. T, Tue lumen; F, false lumen.
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situation that might have contributed to the low mortality
and morbidity to some extent. Also, femoral perfusionFIGURE 5. Dual display of short-axis (left panel) and long-axis (right panel) c
systemic perfusionwithin the true lumen (arrow indicates intimal flap). B, During
decreased in the true lumen. T, True lumen; F, false lumen.
The Journal of Thoracic and Cawas effective to flush out air and atheromatous debris within
the descending aorta on completion of distal repair to avoid
distal organ embolism.olor flow imaging. A, During systole, color Doppler signal shows antegrade
diastolic phase, true lumen collapses and color Doppler signal is extremely
rdiovascular Surgery c Volume 141, Number 2 359
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made with femoral and axillary artery cannulation. Surgical
results in this study may be influenced not only by this
procedure but also by a patient’s preoperative status and
risk factors for cardiovascular diseases. Transesophageal
echocardiography was not performed to guide cannulation
because epiaortic echocardiography provided adequate
information on the ascending aorta and arch. Peripheral
cerebral blood flow during cardiopulmonary bypass was
not evaluated. The number of patients may be insufficient
for us to conclude that ascending aortic cannulation can
be performed in every patient with type A aortic dissection.
Other modes of cannulation may be safe as well. There may
be a situation in which malperfusion cannot be prevented
regardless of cannulation site.
In conclusion, ascending aortic cannulation is a simple and
safe technique that provides a rapid and reliable route for an-
tegrade central systemic perfusion in type A acute aortic dis-
section. Prompt establishment of antegrade central perfusion
and rapid systemic cooling by ascending aortic cannulation
may contribute to effective bailout from malperfusion.References
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